INTRODUCTION
Hearing loss in childhood affects the development of auditory perception of speech and language, causing negative impacts on children's communication, their interaction with the social environment and their global development. To minimize such consequences, the importance of early detection and intervention is emphasized (1) (2) (3) (4) .
Cochlear implantation (CI) is an effective alternative for the treatment of hearing loss of severe or deep degrees, especially when performed in the first years of life, as it promotes the development of auditory abilities and, consequently, favors the acquisition of language spoken (5) (6) (7) (8) . Implantation in the first years of life allows the maturational process of the auditory cortex to occur properly as a result of electrical stimulation (5) (6) (7) .
Studies that correlated auditory performance with the age of CI surgery demonstrated that children who were implanted before 12 months (9, 10) , 18 months (11) , 24 months (12, 13) and 36 months of age (14, 15) presented superior auditory abilities when compared to those operated later (16, 17) .
However, although age is an extremely important factor, it is known that there are other variables that influence the development of auditory abilities and spoken language, such as speech therapy and family adherence to the auditory habilitation and rehabilitation process, among others (4) .
Thus, it is necessary to periodically monitor children with CIs not only to make adjustments related to the programming of the electronic device, but also to check the development and rhythm of the development of auditory and linguistic abilities. To evaluate the ability of auditory speech perception in silence, there are different procedures, including the Glendonald Auditory Screening Procedure (GASP) (18, 19) , which has been shown to be an effective evaluation instrument for assessing the auditory performance of children with hearing loss (3, (20) (21) (22) .
In this context, it is important to determine the clinical markers of the development of auditory abilities in the therapeutic process, as well as the indispensability of longitudinal studies for the clinical practice, since these allow to characterize the real performance achieved by the researched population, besides evidencing the influence of different factors and the development and rate of evolution of auditory abilities and spoken language, which may differ between the implanted children (1, 2, 7, 8, 14, 23) . In view of the above, the objectives of the present study were: I) To verify the influence of the age of implantation in the development of the abilities of auditory recognition in closed-set and hearing comprehension in children using an unilateral cochlear implant, comparing distinct groups and II) To determine the development markers of these abilities.
METHODS
The present is a retrospective longitudinal study, with an evaluation of the data obtained by checking the medical records of 1,214 children with CIs who are regularly enrolled in the Cochlear Implant Section of the Audiological Research Center of the Hospital for Rehabilitation of Craniofacial Anomalies of the University of São Paulo, from January 1990 to January 2015.
The present work was approved by the institution's Research Ethics Committee, case number 298/2011.
Casuistry
A total of 389 children were selected based on the following inclusion criteria: having undergone surgery and the activation of the CI up to 36 months of age, with at least 60 months of use of the electronic device and being a CI user systematically, ie, without prolonged interruption of use (over three months).
Children who had at least one of the following criteria were excluded: partial insertion of the CI electrodes into the cochlea; diagnosis of malformation; reimplantation surgery in the first five years of CI use; children with associated impairments; absence in routine follow-ups; unsystematic use of the electronic device; use of bilateral CI; and children with insufficient data recorded in medical records.
After application of the eligibility criteria, the sample consisted of 180 children, divided into three distinct groups: (G1): 42 children implanted ≤ 18 months of age (mean of 15.40±2.56 months), (G2): 56 between 19 and 24 months (mean of 21.36±1.70 months) and (G3) 82 between 25 and 36 months (30.52 months±3.43).
Procedure
In order to verify the development of auditory abilities of auditory recognition in closed-set and auditory comprehension, we analyzed the GASP Tests 5 and 6, elaborated by Erber (18) and adapted to Brazilian Portuguese by Bevilacqua and Tech (19) . Test 5 assesses the ability of auditory recognition in a closed-set and is composed of monosyllable, dissyllable, trisyllable and polysyllable, totaling 12 words presented by means of figures. Test 6 examines auditory comprehension ability and is composed of ten questions previously selected. Both tests were performed in silence and the results were calculated and presented as percentage (19) .
Analysis
To follow the evolution of the children in the procedures during the first 60 months of CI use, nine children's returns to the Center were determined for CI mapping, with grouping of months: 3±1 months after activation; 6±1 months; 11±1 months; 15±2 months; 22±2 months; 30±3 months; 41±4 months; 53±4 months; and 68±6 months, when considering the 180 children evaluated.
The Kruskal-Wallis test was used to compare the performance of the tests applied between the groups. The level of significance was set at 0.05.
RESULTS
The 180 children analyzed in the present study appeared in the nine follow-up returns. However, there is an inconsistency in the number of children evaluated in each of the returns. To justify such a finding, there are two possibilities: absence of the auditory abilities necessary for the execution of the tests or non-performance for any other reasons not specified in the medical records. Thus, it was not possible to perform the comparative analysis between the groups in the first two due to the reduced number of children. In this way, the analysis was performed from the third to the ninth return.
The comparative analysis of the scores obtained for closed-set auditory recognition (Test 5) and auditory comprehension (Test 6) are presented in Tables 1 and 2, respectively. When comparing the groups' performances, both the auditory recognition in closed-set test (Table 1) and the auditory  comprehension test (Table 2) , there was no statistically significant difference, being p> 0.05 in all comparisons, that is, there was no influence of chronological age for the results obtained between groups G1, G2 and G3. Therefore, to determine the clinical markers of the development of these two abilities, we considered the casuistry as a whole, at each return. The data obtained in the present study did not follow a normal distribution, which justified the option of using the median, 1st Quartile (Q 25 ) and 3rd Quartile (Q 75 ) for the presentation of clinical markers of development. The variability of the results can be observed through the values considered as discrepant (°).
From the third return (6±1 months), the performance score on the auditory ability of closed-set auditory recognition gradually increased in a larger number of children ( Figure 1 ). In the fourth return (15±2 months), the median score was 79.17%, Q 25 50%, and Q 75 100%. At the sixth return (30±3 months), the median was observed at 100%, Q 25 at 83.33%, and Q 75 at 100%, and in the seventh return (41±4 months) the auditory recognition ability closed-set in silence is developed, with median in 100%, Q 25 of 100% and Q 75 of 100%.
In addition, it was observed in Figure 2 that, from the fourth return (15±2 months), the ability of comprehension auditory in silence began to be observed more consistently, with an increase in the performance score gradually in a greater number of children, similar to that observed in closed-set auditory recognition. In the seventh return (41±4 months), the median was observed with a score of 80%, Q 25 of 55% and Q 75 of 100%. The auditory comprehension ability was developed in the majority of children in the eighth return (53±4 months), median score at 100%, Q 25 at 70% and Q 75 at 100%.
Appendix A - Figure 1A and Appendix B - Figure 2B , graphically illustrate the clinical markers of the development of auditory recognition and comprehension abilities, respectively. The possibility of these impressions is emphasized, since they can be used in clinical practice, assisting in the auditory habilitation and rehabilitation process in children with CIs.
DISCUSSION
In the present study, 180 children were followed for auditory recognition and comprehension abilities in silence during the first five years of CI use. GASP Tests 5 and 6 were chosen because they represent the most advanced auditory abilities, ie it is assumed that speech detection and discrimination abilities have been acquired previously, so that children who achieve recognition and understanding will be suitable for verbal linguistic interactions through the auditory pathway. It should be noted that the use of GASP Tests 5 and 6 occurred in children with a chronological age of less than 60 months, although it was developed for children with profound hearing loss over five years of age, having as reference at the time it was developed in 1982 the use of individual sound amplification devices (AASI) (18, 19) . It is based on the use of smaller children insofar as it is known that the CI allowed the auditory access to speech sounds soon after the activation of the electrodes, promoting the development of auditory abilities earlier.
When comparing the performances of the three groups, there was no statistically significant difference, that is, the influence of the child's age at the time of implantation in the results of GASP Tests 5 and 6 (Tables 1 and 2) was not observed. Some factors may justify this result. Initially, this could have occurred because the 180 children analyzed were implanted before 36 months, considered the sensitive period to obtain the best benefits with this device. Similar data have been reported in other studies to demonstrate that early-onset children had better auditory and oral language performance (1, 7, 14, 24) .
Sensory deprivation in the first years of life influences the maturation of the auditory pathways of the central nervous system Figure 2 . Performance of children in GASP Test 6, which assesses the ability to listen for at least 60 months of CI use (CNS), with an impact on auditory processing abilities and the development of spoken language. Auditory perception consists of two types of processing: the bottom-up, which comprises sensory information, and the top-down, which encompasses aspects such as cognition, memory, language and attention (14, 25) .
Another factor is that although the groups performed similarly, it is noteworthy that GASP tests 5 and 6 may not be sensitive to reveal nuances in the development of auditory abilities. Therefore, the non-significance of age in surgery within the sensitive period of neuronal plasticity should not slow down the value of the age decrease in surgery. Thus, the sooner severe or profound hearing loss is diagnosed without benefits with hearing aids, the child should be given the indication of a CI, since early exposure to auditory stimuli and incidental language allows the child to have a greater chance of developing the most complex auditory abilities and spoken language. The specialized literature evidenced a strong correlation between the development of auditory function and the period of CI surgery, with sensory deprivation time and age at implantation considered as one of the main predictors of success in the auditory habilitation and rehabilitation process (5) (6) (7) (8) (9) 26) . This is because age is an intrinsic condition for the child, which ensures the normal development of the auditory cortex, necessary for the acquisition of auditory abilities, which are prerequisites for the development of spoken language (5) (6) (7) (8) (9) 26) .
In the present study, the premise was that hearing detection, discrimination, recognition and comprehension auditory are acquired gradually, and can be interposed, according to their complexity (18) . The contribution of the present study refers to the need for markers in clinical practice, since these allow the professionals involved in the auditory habilitation and rehabilitation process to observe not only the sequence of the development of such abilities, but at what ages they occur, signaling when there is some deviant pattern, which is fundamental in the therapeutic process. Although the sequence of development of these abilities is known in children with normal hearing, systematized data in hearing loss impaired children are more scarce.
In Figures 1 and 2 , it was possible to observe that in the first three months of CI use, only three children performed Test 5, and one of them was also able to perform Test 6. In the detailed analysis of the data, it was verified that one of these children presented a history of hearing loss acquisition shortly before reaching the age of three years, that is, she was not in sensory deprivation during the first two years of life, considered fundamental in the child's developmental process. In addition, two children used the hearing aid effectively and with satisfactory benefits before the implantation in the first 24 months. Certainly, the fact that these children were not in total auditory sensory deprivation in the two years prior to implantation ensured that GASP Tests 5 and 6, which require some vocabulary mastery, were performed.
In the second return, with a hearing age of approximately six months, the number of children who were able to perform Tests 5 and 6 was still incipient and, only from 11±1 months of auditory age (third return), the children manifested more ability to achieve Test 5, although this did not occur for the majority (n=46, Table 1 ). Concerning the auditory abilities of children with typical hearing aimed at the acquisition of oral language from birth, children process and store the linguistic repertoires to which they have access through the auditory pathway during the various communicative interactions with their parents, caregivers and others. At around nine months of age, children clearly demonstrate, through nonverbal motor behaviors, receptive language abilities since they are able to recognize and perform the motor acts corresponding to simple verbal commands such as "bye-bye", "Play kiss","clap". (27) From the age of 12 months, they can recognize their own names, body parts and vocabulary of their daily life, and from 18 to 24 months can name or name objects (27) . Thus, in the present study, considering the hearing age and not the chronological age, it was, from 11±1, that the children were able to demonstrate some receptive language ability through the auditory pathway pointing to figures corresponding to a word (Test 5), following the standard of normality for this ability. Thus, what is observed is greater variability of the results in the first year of use of the cochlear implant and, after one year of hearing age, the evolution curve of the responses is increasing and with greater regularity, as shown in Figure 1 .
Although in the sixth return most of the children developed the ability of auditory recognition in closed-set at the age of 30±3 months, with median and Q 75 of 100% and Q 25 of 83.33%, the clinical marker to consider this established ability was the hearing age of 41±4 months, in which the ceiling effect was observed, with the exception of the deviant children.
Concerning hearing comprehension, the development of this ability was increasing over time of CI use, with greater variability in the first 12 months of auditory age, similar to auditory recognition ability. This result demonstrates the gradual development of auditory abilities according to the levels of complexity proposed by Erber (18) . The clinical marker of auditory comprehension was considered the hearing age of 53±4 months, with median and Q 75 in 100%, and Q 25 in 70%. It is natural that the clinical marker of this ability is at a more advanced hearing age, since understanding is the evolution of auditory recognition ability. Figure 2 shows the evolution curve of auditory comprehension, which, although having the same increasing configuration of the auditory recognition curve, did not reach the ceiling effect with a score of 100% in the three measures analyzed in the last feedback study (68±6 months age), because in Q 25 the score was 80%, and the score of 100% was reached only in the median and Q 75 .
The literature reports that children with normal hearing initiate auditory comprehension ability at around 18 months (27) , being able to answer simple questions related to an event, retell short stories, play songs and rhymes. Although the clinical marker of auditory comprehension is being proposed at 53±4 months, it was found that at 30±3 months of hearing age, 75% of the children had a score above 50% and a median of 70%. Considering the data presented previously for the recognition ability, the hearing age of 30 months, although not the clinical marker of ability already developed, considered when the score reaches 100%, can represent the time necessary for children to have a qualitative leap in the ascending evolution of these abilities that precede their solidification. These findings and clinical markers bring, for the field of educational audiology, more assertive perspectives for therapeutic planning consistent with the evolution profile of children. In addition, the clinical markers of the development of these abilities, for children up to 36 months of age, are 41±4 and 53±4 months of age, auditory recognition and comprehension, respectively, and, projecting these children at their chronological age, the child with the most advanced age in surgery, that is, in the present study, the one who received a CI at 35 months of age, will be 75±4 months and 87±4 months, when these abilities are solidified. The relevance of this lies in the fact that throughout this evolutionary profile the child had the possibility of acquiring oral language, reaching the period of literacy and primary education with greater chances of receptive and expressive oral language established.
In addition, the variability of the results shows that the CI satisfactorily favors many hearing loss children, but the benefits are not the same for all. As observed in Figures 1 and 2 , for both abilities, some children presented deviant results. Evidence in the literature has shown that the variability of the results can be associated with innumerable factors (4, 28) and, although the research presents rigid exclusion criteria for variables that could negatively influence the benefit obtained with a CI, the variability of responses is observed.
The assessment of the candidate child for a CI is multifactorial and performed by an interdisciplinary team, and covers psychosocial, audiological, clinical, anatomical aspects, access to specialized speech therapy, among others. Because it is multifactorial, the results are vulnerable to the adversity of one or associated aspects, which can lead to deviant outcomes. These findings reinforce the need for accurate guidance to the family at the time of decision for the CI as a method of auditory intervention, since, although this electronic device allows auditory access to speech sounds, there is a significant number of children that may not meet the family expectations regarding the development of spoken language (4) .
Therefore, considering auditory age rather than chronological age for the analysis of these investigated abilities is fundamental, especially in family counseling, when parents yearn for immediate results as they compare their implanted children with children with normal hearing. The mismatch between the chronological age and the hearing age should be explained to the parents, decreasing the anxiety for instant results.
It is emphasized that the results found in the present study may serve as clinical markers of the development of GASP Tests 5 and 6, contributing to the process of habilitation and rehabilitation of children with a CI implanted before 36 months in order to assist in the identification of variables that positively or negatively influence the child's development (Appendix A - Figure 1A and Appendix B - Figure 2B ).
It should be noted that the application of the GASP occurred in silence, which impedes the analysis of the auditory perception of speech in a broader context and that faithfully represents the daily auditory experiences that are not free of noise, which can be considered a limitation of the study. Thus, it is necessary to consider this condition when using these clinical development markers for auditory recognition and comprehension abilities.
CONCLUSION
Children progressively developed auditory abilities assessed over the first five years of CI use. There was no correlation between hearing performance and age of implantation for children implanted before 36 months of age. For auditory recognition and comprehension abilities, the clinical marker was 41±4 and 53±4 months of auditory age, respectively.
It is expected, therefore, that around 60 months of CI use, children implanted during the sensitive period of neuronal plasticity can understand speech without the aid of orofacial reading, reaching the most complex auditory abilities.
It should be emphasized that deviant results should alert professionals to the vulnerability of auditory performance due to multifactorial aspects, reinforcing care in family counseling and counseling.
